Abstract. Lung cancer is a leading cause of cancer mortality in Taiwan. It has been previously demonstrated that alterations to tumor suppressor genes (TSGs) are involved in the multi-step carcinogenesis process that results in the development of human cancer, including lung cancer. Both copies of the TSG must be inactivated for their function to be lost. As a result, it is important to search for the genomic regions that potentially contain TSGs and to investigate the etiological association of lung cancer with the allelic deletion of various candidate TSGs. Previous genome-wide loss of heterozygosity (LOH) data has demonstrated that the chromosome region at 17q24.3 was a novel and frequent LOH region that was associated with non-small-cell lung cancer (NSCLC). In the present study, refined mapping using 9 additional microsatellite markers was performed targeting chromosome 17q24.3 by polymerase chain reaction (PCR)-LOH analysis. The allelic loss pattern across 48 available tumors indicates that the minimal deletion region was located between markers D17S1882 and D17S2193 and spanned a distance of approximately 2.7 Mb, reaching 65% LOH at locus D17S1816. A putative gene, LOC51321 (AMZ2), was postulated to be the deletion target on 17q24.3 based on the findings from these NSCLC samples. Reverse transcription-PCR (RT-PCR) expression analysis indicated reduced expression of LOC51321 in 54% (7/13) of the NSCLC cell lines tested and 36% (19/53) of the NSCLC tumor tissue samples analyzed. In CL1-5-F4 cells, low mRNA and protein expression of LOC51321 were associated with the promoter hypermethylation, as determined by RT-PCR, western blotting and methylation-specific PCR assays. In addition, treatment with 5-Aza-deoxycytosine successfully restored mRNA expression by de-methylating the putative promoter region in CL1-5-F4 cells that lacked LOC51321 expression, but did harbor the relevant methylated promoter. These findings indicate that LOC51321 may be involved in lung tumorigenesis.
Introduction
Cancer develops through a multistep process that involves mutations in certain genes; these include the inactivation of recessive tumor suppressor genes (TSGs), the activation of dominant oncogenes, and the inactivation of genes involved in DNA repair and/or replication (1) . Both copies of TSG alleles have to be inactivated for their function to be lost (2) . While one allele may be inactivated by point mutation, changes in methylation or a small deletion, the other allele is frequently inactivated by a large deletion that involves the whole gene of interest, as well as adjacent stretches of DNA (3) . Searches for genomic regions that undergo frequent deletion in cancer samples have aided in the identification and confirmation of the location of several TSGs.
Minimal deletion region (MDR) analysis of solid tumors has enabled the delineation of specific regions that are the likely locations of critical TSGs, and have also provided a molecular portrait of the pattern of accumulation of genetic alterations during the multistep progression that leads to cancer (4) (5) (6) (7) . Confirmed TSGs may be examined by MDR analysis, since MDR consistently identifies the map positions of critical TSGs that are involved in various different types of cancer (8) .
Genome-wide loss of heterozygosity (LOH) data has previously demonstrated that chromosome regions at 2p23.3, 2p24.3, 2q35, 6p22.2, 7p14.3, 7p22.2, 17q24.3 and 21q22.3 were novel and frequent LOH regions in non-small-cell lung cancer (NSCLC) (9) . In the present study, refined mapping data obtained using 9 markers together with expression analysis, it was demonstrated that LOC51321 may be a deletion target on 17q24.3 in NSCLC tumors. LOC51321, a putative gene, named AMZ2, was determined to map at 17q24.2 according to RefSeq For the LOH and methylation assay, genomic DNA from matched pairs of primary tumor samples and nearby normal lung tissue samples were prepared using proteinase K digestion and phenol-chloroform extraction, followed by ethanol precipitation (all reagents from Sigma-Aldrich, St Louis, MO, USA) (9). Serial 5-µm serial sections were cut from formalin-fixed, paraffin-embedded tumor tissues. All slides were stained with hemotoxylin and eosin (Sigma-Aldrich), and one of the slides was coverslipped and used as a guide to localize the tumor region. Tumor cells were then microdissected from up to three sections. The cells were pelleted by centrifugation at high speed (15,115 x g) for 5 min. The DNA was extracted by digesting the cells in buffer consisting of 50 µM Tris-HCl (pH 8.5), 1 µM ethylenediamineterraacetic acid (pH 8.0), 0.5% Tween 20, and 200 mg/ml proteinase K, at 55˚C for 4-6 h, then at 37˚C for 24-48 h, followed by 10 min of incubation at 95˚C to destroy any remaining proteinase K activity. The cellular DNA was then purified using phenol/chloroform extraction followed by ethanol precipitation. Any insoluble material present in the DNA solution was pelleted by centrifugation and aliquots of supernatant were used directly in the polymerase chain reactions (PCRs). For the RNA expression assay, total RNA was prepared from tumors and normal lung tissues, using Trizol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA). cDNA was then synthesized using SuperScript™ reverse transcriptase (Invitrogen Life Technologies) using the protocols provided by the manufacturer.
Minimal deletion region analysis. Genomic DNA (20 ng) from normal lung cells or from tumor cells of 48 patients were used for each PCR analysis. PCR reactions were conducted in a 10 ml volume using 0.05 µM fluorescently labeled and unlabeled primers in order to detect the microsatellite markers located in the region of interest. The microsatellite markers used were as follows: D17S1809, D17S1825, D17S1882, D17S1816, D17S807, D17S1813, D17S2193, D17S789 and D17S795. The PCR reaction contained 250 µM each dNTP, 2.5 µM MgCl2, and 0.5 units AmpliTaq DNA polymerase (PE Applied Biosystems, Foster City, CA), and the manufacturer's instructions were followed (PE Applied Biosystems). The primer sequences were obtained from Research Genetics (Huntsville, AL, USA). Next the PCR products were mixed with fluorescent molecular weight markers and subjected to electrophoresis on a MegaBACE 1000 automatic sequencer. Allele sizes were determined using Genetic Profiler Analysis version 2.0 software. The allelic ratio was calculated as (T1/T2)/(N1/N2), which represents the ratio of the area values for the tumor (T) alleles versus the ratio of area values for the normal (N) alleles. LOH was defined as an allelic ratio >2.0 or <0.5. 
Analysis of LOC51321 mRNA expression using a multiplex reverse transcriptase-PCR (RT-PCR) assay. LOC51321
(AMZ2 gene) mRNA expression were assayed by multiplex RT-PCR analysis using the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene as an internal control. The coding regions of exons 3-7 of the LOC51321 (AMZ2) gene and of the GAPDH gene were amplified. Sequences for the primers for the RT-PCR were as follows: LOC51321F, Forward 5'-CCA GTG CTT GTG TCA CAG TAT GAG-3' and LOC51321R, Reverse 5'-TCT ACA ATG CTG AAG CCA AC-3'. Reactions were carried out in a volume of 25 ml with 1 ml cDNA and 0.25 pmol primers using a MyCycler™ thermal cycler (Bio-Rad Laboratories, Taipei, Taiwan). The PCR was performed for 32 cycles with an annealing temperature of 61˚C. The number of cycles, the amount of primers and the cDNA used were adjusted to provide quantitative amplification during multiplex RT-PCR. All PCR products were separated on 2% agarose gels (100 V/17.5 cm) and stained with ethidium bromide. To quantify the relative levels of gene expression in the multiplex RT-PCR assay, the value for the internal standard (GAPDH) in each test tube was used as the baseline value for gene expression in that sample, and a relative value was calculated for each target gene transcript amplified from each tumor and its matched normal sample. Tumor cells that exhibited mRNA expression <50% of that of the normal cells were deemed to have an abnormal pattern of expression.
Methylation-specific PCR (MSP) assay.
The methylation status in the promoter region of the LOC51321 (AMZ2) gene was determined by chemical treatment with sodium bisulfite and subsequent MSP analysis. In total, 500 ng of genomic DNA was denatured at 95˚C for 5 min and then in the presence of NaOH (final concentration, 0.2 M) incubated at 37˚C for 15 min. Next, 10 µM hydroquinone (Sigma-Aldrich), and 3 M sodium bisulfite (Sigma-Aldrich) were added and the mixture was incubated at 50˚C for 18 h. After these treatments, the modified DNA was purified using a Microcon YM-50 DNA purification column (Millipore, Bedford, MA, USA). Treatment of the genomic DNA with sodium bisulfite converted unmethylated but not methylated cytosines to uracils, which were then converted to thymidines during the subsequent PCR step. The primers used for the converted sequence were as follows: LOC51321MF, Forward 5'-CGG AGT CGT CGC GAG CGT AA-3' and LOC51321MR, Reverse 5'-CGT CGC GCA CGC CCT AT-3'; LOC51321UF, Forward 5'-GTT GTG GAG TTG TTG TGA GTG TAA-3' and LOC51321UR, Reverse 5'-ACC ACT ACA TCA CAC ACA CCC TA-3'. The PCR was performed for 35 cycles with annealing temperatures of 64˚C and 50˚C for the unmethylated and methylated reactions, respectively, using 100 ng bisulfite-modified DNA. All PCR products were separated on 2% agarose gels and stained with ethidium bromide. Negative and positive control samples with unmethylated lymphocyte DNA and SssI methyltransferase treated methylated DNA were also included in each set of PCR amplifications. The lymphocyte DNA was obtained by collecting blood samples from a healthy volunteer Mr. Wayren Huang, one of the investigators. The lymphocyte DNA were isolated using a Genomic DNA Extraction Miniprep System (Viogene BioTek Corp., New Taipei City, Taiwan). Hypermethylation was defined as amplification of more methylated product than unmethylated product from a tumor sample.
5-Aza-2'-deoxycytidine (5-Aza-dC) treatment of lung cancer cells.
The human lung cancer cell lines CL1-1 and CL1-5-F4 were obtained from a Taiwanese patient with AD of the lung and was kindly provided by Dr. P-C Yang, Department of Internal Medicine, National Taiwan University Hospital. Cells were plated at 10 5 cells/100-mm culture dish on the day before treatment. The cultures were treated for 3 doubling times with 1 uM of 5-Aza-dC. The 5-Aza-dC-containing medium was changed after each cell doubling during the treatment. On the day after the third doubling, the cells were harvested for an analysis of their methylation status using an MSP assay as described above, and for LOC51321 mRNA expression using an RT-PCR assay.
Statistical analysis. Pearson's χ
2 test was used to compare the frequency of LOH in NSCLC patients. All data were each assigned a number and a color code as follows: the existence of LOH in a marker of NSCLC was assigned the number -1 and red color; the retention of a chromosomal region was assigned the number +1 and green color; and the noninformative data were assigned black color; no data were assigned gray color. The color-coding system provides interactive graphic analysis of clustering results in the TreeView program (http://jtreeview.sourceforge.net) (9) . Based on a previously described clustering algorithm the similarity of LOH profiles of a group of tumor samples (such as a subgroup of NSCLC features) was calculated (9). P<0.05 was considered to indicate a statistically significant difference. SPSS software, version 19.0 (IBM, Chicago, IL, USA) was used for all statistical analyses. red box, LOH; dark red, non-informative area bordered by two regions of LOH; green box, retention of heterozygosity; dark green box, non-informative area bordered by at least one region of retention of heterozygosity; gray box, non-informative; black box, non-determined; NSCLC, non-small cell lung cancer; LOH, loss of heterozygosity. Large-cell carcinoma patients are not included due to the small sample size (n=5). LOH, loss of heterozygosity; AD, adenocarcinoma; SCC, squamous cell carcinoma. has not previously been identified as a high frequency loss region in NSCLC samples, the present study further refined the LOH pattern of the chromosomal region 17q24.2-24.3 using 9 additional microsatellite markers. This was conducted using a panel of 48 microdissected NSCLC tumor samples and their matched normal lung tissue samples. The allelic loss pattern of these tumors indicates that the MDR was located between markers D17S1882 and D17S789, reaching 50-65% LOH at this locus (Table I) . A total of 32/42 (79%) informative tumors exhibited LOH that was associated with this region. Markers D17S807 and D17S789 were specifically associated with patients who smoked (P=0.03 and 0.02, respectively, Table II ). In addition, marker D17S807 was also demonstrated to be related to SCCs (P=0.003, Table II) . Fig. 1 summarizes the LOH results for the 20 representative tumors that exhibited allelic imbalance, which spanned a distance of approximately 2.7 Mb. The smallest commonly deleted region included markers that are located within LOC51321, a putative AMZ2 gene that encodes a protein with a predicted Zn-dependent protease domain. Therefore, alterations within LOC51321 may occur in NSCLC cell lines and/or tumor samples.
Results

Refined mapping of the LOH region on 17q24.3 and expressional validation of LOC51321 using NSCLC cell lines and
The alteration analysis of LOC1321 in lung cancer. The expression level of LOC1321 was then analyzed in two normal lung cancer lines, 13 NSCLC cell lines, and 53 matched normal and tumor tissues by semiquantitative multiplex RT-PCR. This analysis demonstrated that there was reduced expression of LOC51321 in 54% (7/13) of the NSCLC cell lines and 36% (19/53) of the tumor tissues (Fig. 2) .
Re-activation of LOC51321 by 5-Aza-dC treatment.
Aberrations in promoter methylation are considered to be important in the development of lung cancer (11) . To determine whether epigenetic change altered gene expression, promoter hypermethylation of the LOC51321 was assessed using MSP analysis in lung cancer cells. One lung cancer cell line CL1-5F4 that demonstrated negative expression together with promoter hypermethylation of the LOC51321 gene was treated with the demethylating agent 5-Aza-dC (Fig. 3A) . As presented in Fig. 3B , 5-Aza-dC successfully restored mRNA and protein expression by de-methylating the putative promoter region in the cells that lacked LOC51321 expression and also harbored an appropriately methylated promoter.
Discussion
Both copies of TSGs need to be inactivated for their function to be lost (2) . One allele may be inactivated by a point mutation, a methylation change, or a small deletion. Generally, the other allele is often inactivated by a large deletion that involves the gene of interest as well as adjacent stretches of DNA (3). Thus, searches for genomic regions frequently deleted in cancer have aided in the identification and/or confirmation of the location of several TSGs. To the best of our knowledge, the present study reports, for the first time, a high frequency loss region on chromosomes 17q24.3 in NSCLC samples. Based on refined mapping using 9 markers together with an expressional study involving semiquantative RT-PCR, the present study identified a novel gene LOC51321 that may be one of the main deletion targets on 17q24.3 in NSCLC. LOC51321 was demonstrated to exhibit loss of mRNA expression in 47 and 36% of examined NSCLC cell lines and tumor samples, respectively. According to the annotated mRNA database, LOC51321 may be able to produce a series of transcripts by alternative splicing. The primers for RT-PCR in the present study were deliberately designed to cover a large region and to target sequences not likely to be involved in alternative splicing. Therefore, if any alternative transcripts occurred, these should have been detected. However, no aberrant sized cDNA product was produced by any lung cancer sample, which indicates that LOC51321 may be a simple gene with a single open reading frame product. Nevertheless, probable alternatives in terms of promoters and the possibility of alternative splicing outside the region examined need to be investigated in the future. Alterations in mRNA expression associated with promoter hypermethylation of the LOC51321 gene in CL1-5-F4 cell line were explored and the findings indicate that promoter hypermethylation may be one possible source of inactivation of the LOC51321 gene. This conclusion is further strengthened by the additional findings of the present study that the re-expression of the mRNA expression together with de-methylation at the promoter region in the LOC51321 genes using 5-Aza-dC treatment of a lung cancer cell line.
B a s e d o n a n n o t a t i o n i n f o r m a t i o n f r o m www.genecards.org, LOC31521 (AMZ2) is predicted to be a Zn-dependent protease. The Zn-dependent and calcium-dependent family of proteins termed the matrix metalloproteinases have been demonstrated to be collectively responsible for the degradation of the extracellular matrix (12) . Members of this family, including metalloendopeptidase, collagenases, stromelysins and gelatinases; 
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and are involved in routine tissue remodelling processes, such as wound healing, embryonic growth and angiogenesis (12) . Loss of expression of some metalloendopeptidases has been demonstrated to be involved in tumorigenesis. Shipp et al (13) demonstrated that malignant pulmonary neuroendocrine cells expressed low levels of the cell surface metalloendopeptidase CD10/neutral endopeptidase 24.11 (CD10/NEP, common acute lymphoblastic leukemia antigen) and that this enzyme hydrolyzes bombesin-like peptides (13) . The growth of bombesin-like peptide-dependent cancer cells is inhibited by CD10/NEP. The results provide evidence that CD10/NEP is involved in the regulation of tumor cell proliferation. Since cigarette smoke inactivates CD10/NEP (13), reduced cell surface CD10/NEP enzymatic activity may be causally associated with the development of lung cancer.
Further characterization, including identifying the various mutations involved in gene inactivation, performing promoter identification, and conducting a full analysis of protein(s) associated with LOC51321 will be instrumental in confirming the mRNA expression findings presented in the current study. An understanding of the structure, nature, and function of this chromosomal location will also be necessary to determine its full role in carcinogenesis.
